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The University of Montpellier is world famous as one of the
maost venerable medical schools in Europe. For colour
chemists, however, it holds a special place. In 1781 one of
the founders of the science of dyeing, Jean Antoine Chap-
tal, was appointed to its chair of chemistry. From that posi-
tion Chaptal effectively founded the French chemical indus-
try and also conceived a system of widespread education in
chemical technology which came to fruition not in France
but in Germany, and developed into the system of Tech-
nische Hochschulen which played so great a part in provid-
ing scientific manpower for the German chemical industry
nearly 100 years later. In his treatise E/lements de Chimie
Chaptal wrote [1]:

‘The art {of dyeing) is one of the most useful and the most
marvelious that is known; and if anything can inspire a noble
pride in man, it is this: not only has he procured the means of
following and imitating nature in the richness and brilliance of its
colours but he appears to have surpassed it in giving more
brilliance, more durability and more strength to the fugitive and
impermanent colours with which nature has clothed everything
on the globe.”

Chaptal’s words capture the fascination and inspiration
of the subject of colour which remains undiminished after
200 years. He was writing, of course, in the era of natural
dyes. In a formal sense that era came to an end with Perkin’s
preparation and use of mauveine in 1856. However, while
the industry grew steadily from that point, it was not until
some 28 years later that the real take-off occurred with the
enormous expansion of the industry following the
development of the direct cotton dyes in 1884. Thus, by an
appropriate coincidence, the development of these dyes by
Paul Boettiger of Lodz in Poland and the foundation of the
Society of Dyers and Colourists in Bradford occurred in the
same year, just 100 years ago. It may be noted that Lodz
remains one of the three surviving academic research
centres concerned with colouring matters in Europe.

If we are to regard the establishment of the Society as
representing the coming of a new enlightenment, we must
see the introduction of the direct cotton dyes as sounding
the death knell of the natural colouring matters, although
other discoveries played an important role in their ultimate
demise.
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The repercussions of Boettiger's work, reported in the
first issues of the Society’s Journal, have continued to be
felt right down to the present day, both technically and
commercially, since they did much to determine the shape
of the international dyestuffs industry. For it was the oppor-
tunity seized by the German dyestuff manufacturers which
established a pattern of trade still largely with us. As Cron-
shaw reported in 1935(2]:

‘the discovery of the direct cotton dyes in Germany gave the
synthetic dye industry a new impetus which it has never lost.’

The dye Congo Red was developed at almost the same
time by Boettiger abroad and by Peter Griess in England
(Figure 1). it was, in fact, Griess who first observed that
benzidine tetrazotised and coupled gave dyes with high
substantivity for cotton without a mordant. The effect was
studied in both England and Germany and the respective
British patents were separated by only a few weeks.

4415 Gerard W. von Nawracki, Berlin (communicated from
abroad by Paul Battiger, City of Lodz, Russia). Improvements
in the manufacture of colouring matters, 5th March, 1884

This ]i)rocess consists in the production of new colourin
matters by the combination of salts of tetrazo-diphenyl wit
naphtyl-amines or their sulpho-acids.

1074 John P. Griess, Burton-on-Trent. Improvements in
the manufacture or production of colouring matters from
tetrazo compound of benzidine disulphonic acid.” 9th Jan., 1884

e inventor takes one, the said tetrazo compound dis-
covered and described by himselt some vears before, and
introduces it into an aqueous solution of two molecules of the
sodium salt of the sulpho acid of napthylamine, generally
known as napthionic acid or of a methyl phenyl or napthyl
(derivatives of napthylamine)

Figure 1 —Abstracts from the patent summaries describing
the development of Congo Red by Griess and Boettiger [ 3]

Boettiger had, of course, the priority of his original appli-
cation, and those few weeks and the rapid, massive
response of the German chemical industry to the develop-
ment gave it a lead which, despite a relative decline in
creativity in recent years, it has never lost. Today the dye-
stuffs industry produces over 500000 tonnes of dyes and
pigments annually with a value in excess of US$3000 mil-
lion. The impetus provided in 1884 is reflected even in
current production, as shown in Table 1, caiculated largely
from UN data which unfortunately omit the Peoples
Republic of China from consideration. However, it is not to
be expected that the inclusion of such data would aiter the
analysis materially. Bearing in mind the fact that US pro-
duction is largely in the hands of European-owned sub-
sidiaries, it is clear that the world dyestuffs industry is still
largely the preserve of European producers, among which
West Germany remains the largest. It is from Europe that
the majority of major developments have come, but
whether this will continue to be the case in the face of the
current research effort elsewhere in the world is a question
which merits consideration.



TABLE 1

Share of World Dyestuff Production by the Major
Producers

Proportion of 1979

Country world production (%}
West Germany 224
USA 18.6
USSR 12.9
Japan 9.3
Switzerland 8.3
UK 8.2
France 4.8
Poland 4.0
India 34

At the 50th anniversary celebrations of the Society in
1934, Prof. AG Green gave a lecture under a title very
similar to the present one [4] in which he went into great
detaif regarding the contribution of the organic chemist to
progress in colouring matters. Today we must take a
slightly different approach because developments in
organic chemistry have been joined by developments in
spectrophotometry and instrumentation, as well as our
understanding of the physical chemistry of coloration pro-
cesses, as sources of technical innovation, of new land-
marks. Green’s consideration of the subject was based sol-
ely on the approach of the classical colour chemist. On this
occasion it is proposed to adopt in addition other stand-
points, other criteria of success.

THE DEVELOPMENT OF RANGES OF DYES AND PIG-
MENTS

The century under review began with what has proved its
most important development, the direct cotton dyes. Its
half-way point was marked by the almost equally important
development of disperse dyes. However, within and
around these two major features many highly valuable
innovations need to be considered.

The first direct dye, Congo Red, was not only very pH
sensitive, it was, by modern standards, fugitive to light and
very lacking in resistance to washing. In modern direct dyes
advantage has been taken of the subsequent development
of methods for condensing two chromophores through a
bridging group, firstly by phosgenation and later by the use
of cyanuric chloride. The stepwise reaction capability of the
latter compound greatly expanded the possibilities in this
field, which were energetically exploited by the SCI in
Basle. Improved methods of aftertreating direct dyeings on
cotton to give better fastness to water, perspiration and
mitd washing by means of various forms of insolubilisation
on the fibre raised the quality level of direct dyes to consid-
erably above that of Boettiger's Congo Red. Added to these
improvements was the appearance of fast to light dyes via
developments in synthesis. Relatively little has happened
in direct dye development during recent years, but the
effects of that early work have been sufficient to sustain the
technical and commercial significance of these dyes right
into the 1980s. The development of cyanuric chloride as a
bulk chemical in the dyestuffs industry proved very impor-
tant at a later stage, with the appearance of reactive dyes,
but it was of great significance also in relation to the prep-
aration of fluorescent brightening agents, which have
become today the most ubiquitous of all dyestuff ranges.

In 1884 fast dyeings on cotton could be produced only
with a handful of sulphur dyes of dubious composition,
some azoic formulations and natural indigo. The latter was
replaced in the 1890s by the synthetic product following the
work of von Baeyer. This had little effect on the production

of coloured textiles although its economic repercussions
among indigo cultivators were very serious, A greater
understanding of what was involved in vatting following
von Baeyer soon led, however, not only to the preparation
of indigo derivatives but also to the synthesis of condensed
anthraquinonoid structures by Bohn in the early 1900s.
These dyes were greatly superior to the indigoid vat dyes
and provided the basis for a superb range of dyes which
continued to be extended up until recent times. Appearing
as the indanthrene dyes, they became synonymous with
fastness and quality. The ruthless use of the Indanthrene
label by the German dye makers in a campaign of back-
selling to the consumer played a major part, after their
exploitation of direct dyes, in establishing their commercial
dominance.

Most recently in the field of cotton dyeing we have seen
the introduction of reactive dyes, which achieved their
market position with great rapidity following their introduc-
tion in 1956. The concept underlying these dyes has pro-
vided the organic and the physical chemist with special
opportunities for planned innovation and for directly
influencing dyeing technology. The range and scope of
chemical ingenuity combined with the development of
quite novel methods of dye application represent a high
point in the contribution of the research chemist to techni-
cal progress.

The concept of dye—fibre reaction has, in the cellulosics
field, been limited virtually to only one kind of chemical
reaction which, while making the level of success all the
more remarkable, represents a self-imposed constraint that
must limit the technical possibilities, if maintained.

Thus in the dyeing of cellulosic fibres progress has taken
us from somewhat primitive but important direct dyes
through to considerably improved dyes of the same class,
alongside the very fast vat and reactive dye ranges, provid-
ing an excellent range of choice for the dyer and the con-
sumer. At the same time the sulphur dyes which were
available before our centenary period have been much
improved. One factor which does emerge is that, while
great scientific and technical progress has been made, the
position in the 1980s remains dominated by the direct and
sulphur dyes, and this is a question to which we must
return,

One dyestuff development which could not have been
foreseen in the 1880s, and which has proved to be as impor-
tant as any occurring in the field in the past 100 years, has
been that of the disperse dyes. When the original investiga-
tions were carried out and the new range developed by
Baddiley and by Ellis in the 1920s the task had been to
colourthereiatively unimportant textile fibre cellulose acet-
ate. However, the successful solution to this problem has
since proved to be a most important factor in the enormous
expansion of the man-made fibre industry following the
Second World War. When the polyester boom arrived dyes
suitable for its coloration were available, and sufficient
understanding of dyeing with disperse dyes had accrued to
enable rapid solutions to be found to the new problems
posed. The range of disperse dyes has seen almost con-
tinual development and the best of the contemporary
examples are greatly superior to the early products. Physi-
cal chemists must be chastened by the thought that most of
the development work in this range was based on a quite
aberrant view of the dyeing mechanism of the dyes, but on
the other hand credit can be claimed for those recent
deveiopments which can be traced to the great improve-
ment in our understanding following the work of C L Bird in
the 1950s and 1960s.

At the beginning of this century wool dyeing was rather
more importantly regarded in the textile hierarchy than it is
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today. However, the amount of wool dyed has not
diminished, and wool dyes and wool dyeing remain impor-
tant areas of activity. The patterns of change over the past
100 years have some similarity to those relating to cotton
dyeing in that the acid dyes, which date from before 1884,
have remained of largely undiminished importance over
the period.

However, we must not neglect the great improvements
that have taken place within the class of acid dyes, most
notably the development of supermilling dyes in the late
1930s. The significance of their development was greatly
enhanced by work in the late 1940s that led to level-dyeing
methods for dyes of this type. Thus the applicability of fast
dyes to all forms of wool goods became possible and the
way lay open for further developments, most notably of the
1:2 metal-complex dyes by Schetty and his colleagues.

The work on metal-complex dyes provides an excellent
example of first-class dye chemistry combined with a grasp
of the factors involved in the application of these dyes.
What resulted was a range of dyes of excellent fastness
with very good compatibility and levei-dyeing properties,
and the dyes were able to establish a strong position
against more traditional types. The way in which the 1:2
metal-complex dyes were developed represented some-
thing new and important in dyestuff development. It
involved a close collaboration between dye chemists onthe
one hand and dye application chemists on the other, to
produce not just a collection of good dyes but a coherent
compatible range of great reliability in application. This
trend is one that has been continued and extended in other
fields since that time.

However, the metal-complex dyes have not been the
most significant development in the field of wool dyes. That
position has been held for 60 years by the afterchrome
dyes, as Figure 2 shows. Fast dyeings on wool have been
obtainable for a very long time. In 1884 the mordant dyes
and natural colouring matters were very important, but as
can be seen in Figure 2 their position was steadily eroded
as the chrome dyes established themselves.
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Figure 2 — Wool dye consumption since 1900 [5]

The position of the chrome dyes strengthened at the
expense of acid dyes with time, but the simplicity of appli-
cation and carefully designed properties of the 1:2 metal-
complex dyes enabled them to displace chrome dyes in
many applications.

NEW CHROMOPHORES AND DYESTUFF DESIGN

By 1884 most of the major chromophores had been dis-
covered, and the field of dyestuff chemistry remains domi-
nated by the aza, anthraquinonoid and triphenylmethane
chromophores, along with some others. However, around
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1930 a chromophore of major importance was discovered,
i.e. copper phthalocyanine (Figure 3).

Figure 3 — Copper phthalocyanine

The legend has it that copper phthalocyanine was dis-
covered accidentally following the use of defectively
enamelled equipment in phthalimide manufacture. How-
ever, the significant event was not the observation, under
whatever circumstances it was made, but the decision to
investigate and use the new product. The road from a blue
contaminant to a commercia! product proved difficult and
involved a few fortunate accidents. The indentification of
the molecular structure by Linstead and cothers at Imperial
College was a notable achievement. Equally so was the
development work in which the blue powder was con-
verted into a commercially useful pigment, and the later
work which resulted in the production from copper
phthalocyanine not only of pigments but also of acid,
direct, vat and reactive dyes. Today in the pigment field it
has ail but dispilaced other blue chromophores.

A similar tale can be told regarding another important
chromophore discovery. In 1935 Liebermann in Germany
produced a chemically inert generally uninteresting brown
powder, linear quinacridone [6] (Figure 4). However, the
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Figure 4 — Linear quinacridone

compound came to be examined as a potential highly
stable red pigment in the Du Pont laboratories. After some
13 years of development work of high quality, Lieber-
mann’s compound was produced in three stable mor-
phological forms as the Cinquasia red pigments. New
levels of high light fastness and chemical stability were
achieved, comparable with the standard set by copper
phthalocyanine in the blue region of the spectrum. Other
cheaper means of achieving many of these objectives have
since been found using the azo chromophore, but the
development of the Cinquasia reds must rank as one of the
most hard-won of the technical successes of the last 100
years in our field.

Inthe field of organic chemistry generally one of the most
infiuential developments has been that of the many forms
of spectrophotometry. In a field in which the absorption of
visible radiation is the most important single factor, the
development of spectrophotometers during the past 40-50
vears has been of tremendous influence. Not only has it
made many tasks much easier to perform in dye research, it
has provided a basis for theoretical developments relating
chemical structure with properties. Combination of spec-
trophotometric data with digital computation has led to the
development of increasingly precise methods of predicting
colour from chemical structure. Particularly effective has
been the work of Griffiths at Leeds [7], which has been
shown to give excellent results in the prediction of colour
and the energy map of dye molecules. A related develop-
ment has come from work in the USSR that has led to the




prediction of properties of disperse dyes such as vapour
pressure and heat fastness from a knowledge of structure
[8]. These theoretical developments are of considerable
potential technical importance as well as scientific interest,
and are being applied currently to the development of
specialised dyes. They also make a useful contribution to
research planning.

INSTRUMENTATION AND DYEING RESEARCH

It is instructive and salutary to read some of the research
papers in the issues of the Journa/ appearing in the 1880s
and 1890s, or even the 1920s, which deal with dye applica-
tion research. It is immediately clear that even simple items
routinely determined as part of research today, e.g. exhaus-
tion values, rate of dyeing curves, were almost impossible
to produce without tremendous difficulty for over half of
the period under review. Prior to the 1940s dye concentra-
tions were usually measured using a variety of colorimet-
ers with no great accuracy. A few laboratories had available
reliable spectrophotometers and the systems of measure-
ment were often laborious. Glasstone's Textbook of Physi-
cal Chemistry, the standard text for chemistry gradu-
ates in the 1940s, describes a spectrophotometer in which
light detection was by means of a photographic film which
allowed light intensity to be recorded as a developed grey
shade. The Beer—Lambert iaw, which is the basis of so
many of our calculations, had been proposed for 150 years
before it could be accurately verified.

Thus any review of the past 100 years of research and
development must acknowledge the skill and determina-
tion of early researchers into the dyeing process and
understand the sometimes erroneous views which were
accepted from time to time. In view of the difficulties in
proving or disproving any hypothesis it is not altogether
surprising that somewhat odd ideas sometimes prevailed.
Again we must sympathise with investigators such as
Clavel and Staniz whose entirely correct views of the
mechanism of dyeing (9] with disperse dyes could not be
proved and were brushed aside in favour of the spuriously
plausible ideas of others. It was the availability of spec-
trophotometry which enabled CL Bird some 30 years
later [10] to reveal the truth and lay the basis for recent
developments. Among the investigators of the 1930s we
must especially note the contributions of E | Valko in Ger-
many, who took advantage of such experimental techni-
ques as were then available, and of S M Neale in Manches-
ter, who was the first to introduce rigorous thermodynarmic
considerations into the study of dyeing. They created a
basis for the great expansion of work in the 1940s with
which we must particularly associate the name of T Vickers-
taff, whose book The Physical Chemistry of Dyeing was so
influential.

Prior to the development of effective experimental
methods for the physical chemical study of dyeing, prob-
lems had to be solved either by the individual skill of the
dyer or by the development of a better dye by the organic
chemist. The rationalisation of the dyeing process in physi-
cal chemical terms has been of vital importance in relation
to post-war deveiopments. The introduction of methods of
dyeing wool with dyes that are fast to washing to obtain
level results required a good understanding of the scientific
basis of the problems, and without it the introduction of the
1:2 metal-complex dyes would have proved more difficult
than it did. The current trend towards developing compat-
ible ranges of dyes for different fibres would also prove
difficuit or expensive to maintain if the factors governing
the behavicur of the dyes were less well understood. The
major achievement of the physical chemist came when
esoteric studies of diffusion, surface potentials and the like

really paid off, with the introduction of the reactive dyes.
Indeed it was the work on the application of dyes which led
to the introduction of reactive dyes, since the organic chem-
ical basis of the dyes had been well established, but could
not be utilised without appropriate application methods.
The collaboration between physical and organic chemists
in the development of reactive dyes introduced a new fea-
ture into the structure of research into dye development
and was responsible for the very high cost-efficiency and
rate of innovation, which were impartant aspects of that
development. It was no accident that the pacemakers in the
reactive dye field have been those companies with
resources for dyeing research, or that the impetus has
largely died with the contraction of those resources as a
result of the pseudo-economies to which industrial
research is prone from time to time.

One long-lasting effect of these events has been the
restructuring of speculative dye research, with an aban-
donment of the old random search methods in favour of
more precisely defined targets devised in terms of
physical/organic chemical considerations. Thus the
speculative research success rate has been improved by a
factor of five to ten in the last 25 years.

Another major landmark, initially based on instrumenta-
tion, has been the development of colour measurement
and recipe prediction. Its effects have been enormous both
technically and commercially, made possible by the advent
of relatively cheap digital computers. New standards of
specification, inventory control, productivity, reproducibil-
ity, etc. have been achieved because of the revolution in
colour measurement methods. Taken together with parai-
lel developments in control engineering, colour measure-
ment is likely to lead uitimately to genuine automation of
dyeing processes and a complete transformation from the
situation obtaining in 1884, when the dyer’'s power lay
largely in his control over impenetrable secrets, rather like
the necromancers of ancient times.

THE RISE OF PIGMENTS
The available pigments of 100 years ago were much what
they had been in the times of Rembrandt and the Dutch
masters. With the growth of the dyestuffs industry the pos-
sibility of producing organic azo pigments arose, and in the
period 1900-10 classic pigments such as Hansa Yellow and
Toluidine Red were developed. However, pigment man-
ufacture remained for many years a poor relation of the
dye-making industry, largely unable to support its own
intermediate manufacture or its own research effort. The
use of pigments was confined largely to the production of
inks, which did not impose high standards of chemical
stability, or of paints, which were largely pigmented with
inorganic materials. However, the growth of the plastics
industry, particularly since 1945, the advent of the man-
made fibres industry with an interest in mass coloration,
the great expansion of interest in high-quality paint pro-
ducts, together with development of the pigment-printing
process for textiles and the growth of the surface-coatings
industry have together completely transformed the situa-
tion in the past 40 years.

in this change copper phthalocyanine and linear quinac-
ridone as new chromophaores have played a very important
role but, in the main, pressure for development has come
from the colour user. They have either needed to produce
coloured products (as in the plastics industry) or have had
need of pigments capable of performing under the very
demanding conditions (such as those characteristic of
printing).

The maodern pigment industry is today in a period of
relative expansion, capable of supporting its own manufac-
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turing operations within the dyestuffs industry. In the tex-
tile field the impact of pigments has been very consider-
able, so that pigment printing of textiles predominates over
all other printing methods. There has been no comparable
impact on textile dyeing due to a variety of manufacturing
factors that make a resin-bonded pigment coloration sys-
tem in the dyeing area less attractive and more difficult to
achieve.

Apart from the development of new pigments, technical
advances have come largely in the field of pigment finish-
ing, i.e. the modification of pigment surfaces to improve
dispersibility, colour strength, etc. This is an area highly
sensitive commercially; it has produced little more than
generalised published information. But there is no doubt
that the whole topic of pigment behaviour and perfor-
mance is the centre of very considerable interest and activ-
ity at the present time.

HEALTH AND SAFETY

The typical dyestuffs factory of 1884 would have made
Blake's ‘dark satanic mills’ seem places of sweetness and
light by comparison. Even at that time there were suspi-
cions that there may be hazards in the manufacture and use
of synthetic dyes which merited attention [11]. By the 1930s
it was clear that very considerable hazards did exist in
relation to some of the chemicals used. In the more
advanced manufacturing countries industrial practices
began to be improved, and as know!edge of the hazards has
expanded handling procedures have been changed, in
some cases products have even been banned from use. ltis
fair to say that the chemical industry in the European coun-
tries has by and large played a socially responsible role
during this time. The same cannot be said of every man-
ufacturing country, but nevertheless standards have
improved generally. One problem has been that of reliable
identification of a hazardous chemical in advance of human
suffering, when the time between exposure and complaint
can be very considerable. Modern testing methods can be
useful in raising suspicions, but we are increasingly faced
with the contradiction between ‘belt and braces’ lagislation
and the need to run a major industry. The typical European
dyestuffs plant of 1984 is much cleaner than those of earlier
years, and this must do much to reduce hazards.

One important problem which now faces research and
development directors is the very high costs of safety
clearance, which can discourage development altogether.
The problems here are ones that will not go away; they
highlight the necessity of maximising the likelihood that
new products are not only a technical step forward but will
also be taken up by the industry for which they are
designed. That the second factor does not always follow
the first becomes very apparent when we look at progress
since 1884 from a different point of view.

THE DOMINANT POSITION OF LONG-ESTABLISHED DYE
RANGES

At a meeting organised by the Manchester Region of the
Society in 1980 it was agreed among the marketing experts
present from different dye manufacturers that on a world
scale the breakdown of dye sales for cellulosic fibres was as
shaown in Table 2. This shows that nearly 100 years afterthe
introduction of the first direct dyes and after enormous
research effort 66% of cellulosic fibres were still coloured
using direct dyes or the sulphur dyes, which had been
deveioped even earlier. These figures should not have been
surprising since the resilience of the direct dyes in the face
of competition from other products has been evident for
some time. The proportion of UK dye production rep-
resented by direct dyes over a number of years is shown in
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Table 3. During the period covered by Table 3 important
developments in vat and azoic dyes took place and the
reactive dyes were introduced for cellulosic fibres in 1956,
all with no evident effect on the pattern of demand.

TABLE 2

World Consumption of Dyes for Cellulosic Fibre Coloration
as Percentage of Total

Dye class Consumption (%}

Direct 50

Vat 20

Sulphur 16

Reactive 14
TABLE 3

UK Direct Dye Production as Percentage of Total (Calcu-
lated from Dept of Trade and Industry Data)

Year Production (%)
1924 19.0
1935 223
1948 19.3
1954 27.1
1968 276

If we look at United States production figures for 1955,
the year before the introduction of reactive dyes, we find
direct and sulphur dyes taking up 47% of the market. The
relevant data are shown in Table 4. Particular market fea-
tures are evident in the case of the USA in that vat dyes
occupied a very important position not achieved else-
where. This was because of the suitability of vat dyes for
large-scale continuous dyeing production, in which in 1955
the USA was pre-eminent.

TABLE 4

US Production of Dyes for Cellulosic Fibres in 1955 as
Percentage of Total

Dye class Production (%)
Vat 45.2
Direct 26.5
Sulphur 20.9
Azoic 7.4

Taking the Japanese market as another example with its
own characteristics, we still find direct dyes in a very strong
position, as shown in Table 5.

TABLE 5

Consumption of Dyes for Cellulosic Fibre Coloration in
Japan as Percentage of Total

Consumption {%!)

Dye class 1969 1979
Direct 40 29
Sulphur 30 24.5
Azoic 15 9
Reactive 7.5 30
Vat 7.5 7.5




In view of the fact that consumer demand for better fast-
ness has grown steadily through the years, the resilience of
the direct and sulphur dye range seems remarkable. In 1884
Knecht reported that the colour of Congo Red dyeings was
‘only slightly affected by boiling soap solution’ [13]. We
would not take so kind a view today. There have, of course,
been considerabie advances in direct dye chemistry and
application methods. The fast to light direct dyes
developed in the 1930s were a considerable step forward.
The introduction of aftertreatment agents to improve water
and perspiration fastness has, of course, been very impor-
tant. However, these improvements would not in them-
selves have enabled the direct dyes to resist the competi-
tion of vat and reactive dyes if there were not other factors
ensuring continued support from dyers all over the world.
The direct dyes can be regarded as the norm with other dye
ranges being used only as the market demands. Clearly the
significance of the technological landmarks of the past 100
years is different for the dyer as compared with the view of
the organic chemist.

Something of the same resistance to change is seen in
the wool dyeing field (Figure 2). It is true that the same
pressure for wash fastness has not existed for the wool
dyer as it has for the cotton dyer, since high fastness has
always been achievable on wool. Nevertheless the old
mordant dyes were dispiaced by the afterchrome dyes dur-
ing the first two decades of this century, and since then the
latter have dominated the position despite significant
inroads by 1:2 metal-complex dyes. Advances in acid dyes
have been very important, but not much has happened in
the last 40 years.

Does this reflect extreme conservatism of the worst kind
among the dyeing fraternity? is the colour chemist faced by
an incomprehending army of diehards? | do not think se.
The reasons for the evident reluctance to change spring
more probably from the failure of the dye chemist to relate
developments adequately to production conditions and
economics, which are the primary constraints within which
the dyer works.

In recent times the dyer has come to regard himself or
herself as an organiser of production more than a controller
of a mystery. Even during the time when the traditional
skills were regarded as paramount, the role of the dyer as a
production manager was vital. Now, if dyeing processes
are regarded purely as production systems, the essential
criteria are productivity, cost, simplicity and, these days,
fuel economy. The important factor of reliability may be
regarded as being partof the simplicity (or otherwise) of the
dyeing process. Productivity is directly reflected in the

TABLE 6

length of the dyeing cycle. These considerations will
determine the preferred choice of a dyeing system.

Of course other considerations will obtrude. Shade, fast-
ness and other consumer-controlled factors must be taken
into account and may require the second or even third
choice dyeing system to be adopted. However, it is clear
that the dyeing system chosen will be the most attractive to
the dyer as an organiser of production, subject to consumer
constraints. There is every indication that, consciously or
unconsciously, this is the approach taken by dyers, and itis
easily demonstrated thatitis one that puts directdyesin the
position of being the norm, displaced from time to time
when secondary factors prevail. In Table 6 the three main
dye classes for cellulosic fibres are examined from this
point of view.

When reactive dyes were introduced for dyeing cellulosic
fibres the great simplicity of their application was stressed,
and it was felt at the time that here was a range which would
replace direct dyes, as well as compete effectively with vat
dyes for the fast-dyeing market. In respect of the second
point the aspirations were realised, but except in certain
markets (e.g. Japan) hopes for the first were only partly
fulfilled. What had not been recognised was the signifi-
cance of the washing-off stage of the reactive dyeing pro-
cess in terms of time, cost, convenience and also effluent
production. In general, washing-off reactive dyes contri-
butes up to 50% of dyeing costs in a wide range of markets.
It contributes between 50 and 90% of energy costs, besides
providing considerabie effluent. It thus adds injury to insult,
as it were. Not only does the washing-off process reflect a
failure to achieve complete fixation, it incurs additional
processing costs and occupies machinery unproductively.

The aftertreatment of dyeings is, of course, familiar and
acceptable to dyers. Direct dye aftertreatrnents, and after-
chroming, backtanning and vat soaping are all familiar pro-
cesses. However, while these processes have to be carried
out with reasonable care, the fastness of the final resultisin
no case so critically determined by the efficiency of the
aftertreatment as it is in the washing-off stage with reactive
dyes. They are also single-bath treatments in comparison
with the several baths required in the washing-off process.
Comparing vat and reactive dye application procedures for
the production of fast dyeings, we find the former more
complex but less critical and the choice between them
really depends on cost, shade availability, etc.

Recent developments in dyeing machinery to render
washing processes much more efficient may change the
situation as they come to be adopted in dyehouses. Special
methods such as batch washing as applied to the

Production Factors in Cellulosic Fibre Dyeing

Dyeing Fuel
Dye class time {min) Chemical cost Simplicity consumption {J/kg)

Short liquor processes

Direct 45-60 Dyes Low Simple 18.6
Chemicals Low

Reactive 90-120 Dyes Moderate Intermediate Cold dye 44.2
Chemicals Low Hot dye 53.5

Vat 90-120 Dyes High Complex 50 {est.)
Chemicals High

Long liguor processes

Direct 45-60 Dyes Low Simple 102
Chemicals Low

Reactive 90-120 Dyes Moderate Intermediate Cold dye 102
Chemicals Low Hot dye 160

Vat Not applicable
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pad-batch method of dyeing are extremely efficient by any
standards, and a little ingenuity might have enabled the use
of this method of washing to be adopted more widely. Also
recent developments in batch dyeing procedures have
concentrated on the simplification of batch dyeing
methods, so that with the latest Procion HE (ICl) dyes batch
dyeing closely resembles dyeing with direct dyes and is a
one-shot process involving dyes of excellent compatibility.
Such developments represent a great step forward com-
pared with the positon in 1956, when there was some doubt
as towhether batch application of reactive dyes to cellulose
could be achieved at all, let alone efficiently. However,
excellent as progress has been, the washing-off stage rep-
resents an intrinsic disadvantage in reactive dye applica-
tion that has remained to be exploited by direct dyes.

These comments should not be taken as advocating
direct dyes as being superior to other classes. Clearly the
consumer has an interest in seeing dyes of such poor fast-
ness displaced from use on goods requiring to be fast to
wet treatment. Dyes offering greater simplicity, greater fuel
economy and greater productivity can be envisaged. More
importantly the ranges of direct dyes cover an inadequate
shade gamut and aiso lack flexibility, since they are unsuit-
able, although usable, in ¢ontinuous or semi-continuous
application. On the other hand it should be clear that if a
technical breakthrough is to be made, then the new dyes
will need to match the advantages of the direct dyes in
batch production.

THE SHAPE OF FUTURE DEVELOPMENTS

In the first part of this paper the great technical achieve-
ments in the field of dyes and pigments have been
examined from the chemist's point of view. Then it has
been shown that from the standpoint of effectiveness the
relative value of the achievements must be regarded rather
differently, and that the impact of technical developments
has been limited by other important factors.

In recent years attempts have been made, very largely
successfully, to remedy this situation in small but impor-
tant ways. Current dye development work is largely con-
cerned with ranges of compatible dyes applied by carefully
devised application procedures. Another important area of
activity is concerned with the design of control systems
with the aim ultimately of making all dyeing systems effec-
tively simple and reliable. This activity continues to reflect
much of traditional thinking. Dyeing is not seen as a pro-
duction process, but in terms of pre-conceived ideas
regarding the best way for it to be done, e.g. iso-reactive
systems, linear exhaustion curves, etc. Conseguently, with
a few exceptions, work on simplifying dyeing processes
fails to take advantage of the potential of contemporary
technology. A more rewarding approach would seem to be
firstly to determine those factors to which dye adsorption
may be most sensitive in a particular case and then to
control dye uptake by operating that factor through feed-
back systems. Such an approach offers a degree of flexibil-
ity because of its capacity for self adjustment, which
enables a wide range of behaviour patterns to be accom-
modated, and can reduce dyeing cycles to time limits
shorter than currently dreamed of.

The present attention given to the control of the applica-
tion process is very important in new dye development,
since it determines the application context of new
developments. Simplicity in the future will mean reliable
control by computer in a short cycle, however complex the
process in human terms, rather than the sort of simplicity
we now see in direct dyeing cycles. Consequently, in devis-
ing new developments it will be important to marry organic
chemistry and dye application technology, as happened in
the development of reactive dyes.
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There seems little doubt that major new developments
capable of displacing the seemingly immovable traditional
dyes will involve chemical reaction to produce high fast-
ness. However, it must not be forgotten that so far the
investigation has been on a very narrow front.

itis not unfair to say that almost all discussion of reactive
dyes in the literature, including the present paper thus far,
has been concerned with a single kind of reaction, the
nucleophilic addition or substitution by a cellulosyl ion or
an amine to form a covalent linkage, and its exploitation to
produce the many varieties of fibre-reactive dye available
for cellulosic fibres, nylon, woal, silk, etc. Butis this the only
way of producing dye—fibre reaction or, more generally,
high fastness by utilising chemical reactions? Of course it is
not.

One of the most notable technical successes of the cen-
tury has been pigment printing, which has displaced dyes
altogether from over 50% of the textile print market. In
some major markets it has achieved 90% penetration. This
process is based on condensation reactions to produce
bonded pigmentation. For some not very clear reason, col-
ourists tend to treat the process as not quite respectable,
although why pigment binding by this route is less admir-
able than pigment binding by means of vat or azoic dyeing
is by no means clear. The great benefits of the pigment
printing system are simplicity, complete fixation and no
washing-off. These advantages are gained at the price of
some loss of handle and rubbing fastness, although these
deficiencies are being increasingly overcome. The same
benefits were demonstrated for continuous dysing sys-
tems by the Procion—Resin process and the Calcobond
dyes. Neither proved at all successful due to their failure to
fit in with the production procedures of the industry. A
recent compromise sclution of the same kind, which is
more compatible with these, is the Indosol system (S); this
utilises the important technical breakthrough of a substan-
tive polymerisable fixing agent to give high fastness. There
are many limitations in the system as it stands, but it has
achieved sufficient acceptability to provide a basis for
further development. The important thing is that the possi-
bility of an aftertreatment to give excellent fastness has
been extended to a technically useful process and may
provide a springboard for wider developments.

Ancther approach to dye—fibre bonding has been
through the formation of a reactive intermediate by the
interaction of components. This is represented by the Bur-
iington Industries/ICl development of phosphonated
Procion P dyes applied in the presence of a di-imide. Un-
fortunately the chemistry of the system in aqueous media
has been studied only superficially, but it offers, in essence,
a new dye—fibre reaction system without side reactions. It
does not avoid the washing-off problem, and this may
prove an ultimate limitation to its applicability.

One of the biggest developments in coloration outside
the textile field has been photo-initiated polymerisaticn
using ultra-violet curing. By this method solvent-free inks
are converted to durable colorations in seconds by expos-
ure using one from a wide choice of commercially available
u.v. reactors. This development with its potential for textite
printing and also for dyeing has been ignored by the textile
coleration industry. Combined with comparable alternative
developments in polymer condensation chemistry, this
may provide a fruitful field for development.

What the iast century has demonstrated is that we have
had and, provided governments can be persuaded to avoid
destroying our academic institutions, we are likely to con-
tinue to have creative people to make valuable innovations.
Equally it has been demonstrated that the innovations will
be adopted only to the degree for which they are compat-



ible with the shape and style of the productive processes of
the industry. If progress is to be sustained at a time when
research has to be justified on a cost-effectiveness basis,
then there is a need for close, very close, links between
proposers and adopters, between research centres and the
users of research results.

The bridging of the gap that exists will not be easy, but
where it has already been bridged tremendous benefits
have resulted. The rapid and widespread introduction of
instrumental match prediction and shade control provides
a first-class example of this. However, in process develop-
ment the record is less impressive. The textile coloration
industry has carried out little research of its own, and this
has inevitably limited the range of vision of many in the
industry. Indeed the lack of research and development
might be said to have sprung from lack of vision in the first
place. However, this would present too negative a picture,
for itwas the industry itself which established the means by
which the problem might be overcome — the professional
associations, in particular the one whose centenary we
celebrate — the Society of Dyers and Colourists. It is a job of
the professional associations to maintain an active and
questing intellectual climate, and in this they have had
much success. The educational programme of the Society

of Dyers and Colourists and the establishment of recog-
nised professional qualifications have been notabie
achievements. One must also note the admirable coopera-
tive research projects organised under the auspices of the
American Association of Textile Chemists and Colorists as
well as the very high-level discussion conferences run by
the cooperation of the Swiss and German associations.
Undoubtedly we have the means. There is no reason why
we should not have the will.
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